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What Compounds are found in Welding Fumes?

Welding fumes are a complex mixture of airborne particles and gases produced during welding

processes. The composition varies depending on the materials used, welding method, and

environmental factors. Here's a structured overview of the compounds found in welding fumes:

1. Metal Oxides (Particulate Matter)

Iron Oxides (FeO, Fe₂O₃, Fe₃O₄): From mild steel or iron-based materials.

Manganese Oxides (MnO, MnO₂): Present in steel alloys and electrodes; linked to neurological

risks.

Chromium Compounds:

Hexavalent Chromium (Cr(VI)): A carcinogen from stainless steel or chromium-containing alloys.

Trivalent Chromium (Cr(III)): Less toxic but still a concern.

Nickel Oxide (NiO): Found in stainless steel and high-nickel alloys; potential carcinogen.

Aluminum Oxide (Al₂O₃): From aluminum welding.

Zinc Oxide (ZnO): Released when welding galvanized steel (zinc-coated); causes metal fume

fever.

Copper Oxide (CuO): From copper alloys or brazing materials.

Magnesium Oxide (MgO): Less common, from magnesium-containing alloys.

2. Gases

Ozone (O₃): Formed by UV radiation from the welding arc reacting with oxygen.

Nitrogen Oxides (NOₓ): Generated by high-heat reactions between atmospheric nitrogen and

oxygen.

Carbon Monoxide (CO): Produced by decomposition of fluxes or burning organic materials.

Carbon Dioxide (CO₂): Byproduct of combustion or flux reactions.

Hydrogen Fluoride (HF): From decomposition of fluoride-containing fluxes (e.g., in SMAW

electrodes).
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Phosgene (COCl₂): Rare, formed if chlorinated solvents (e.g., degreasers) are present.

3. Silicates and Fluorides

Silica (SiO₂): From silica-containing materials in fluxes, slag, or base metal impurities.

Calcium Fluoride (CaF₂): Common in flux coatings; decomposes into HF.

4. Toxic Metals (Less Common)

Lead (Pb): From solders, paints, or coated materials.

Cadmium (Cd): In electroplated metals or certain alloys.

Beryllium (Be): In copper alloys; causes chronic lung disease.

Vanadium: Found in some steel alloys or electrodes.

5. Particulate Matter

Fine and Ultrafine Particles: Inhalable particles that penetrate deep into the lungs, carrying toxic

metals or oxides.

6. Contaminants and Byproducts

Volatile Organic Compounds (VOCs): From paints, oils, or solvents on metal surfaces.

Polycyclic Aromatic Hydrocarbons (PAHs): Generated by burning organic materials.

Factors Influencing Fume Composition

Base Metal: Determines primary oxides (e.g., stainless steel releases Cr/Ni).

Electrode/Flux: Adds Mn, F, or Si compounds.

Welding Process: SMAW and FCAW produce more flux-derived gases; TIG generates more ozone.

Surface Contaminants: Oils, paints, or coatings introduce VOCs, Pb, or Zn.

Health Implications

Carcinogens: Hexavalent chromium, nickel compounds.

mailto:office@tokoc.com


TOKO Group | Email:office@tokoc.com

Neurological Effects: Manganese exposure.

Respiratory Irritants: Ozone, NOₓ, fine particles.

Acute Toxicity: Metal fume fever (ZnO), lung damage (HF).

TOKO reminds: Proper ventilation, respiratory protection, and material safety assessments are

critical to mitigate risks. Regulatory bodies like OSHA and IARC provide guidelines for exposure

limits.
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